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I. INTRODUCTION
Supersymmety is motivated to solve the gauge hierarchy problem. However, since the
superparticles have not been observed yet, supersymmetry should be broken at low ener-
gies. Spontaneous supersymmetry breaking at the tree-level [1] does not explain why the
discrepancy between the supersymmetry breaking scale and the Planck scale is so large. On
the other hand, in the models of dynamical supersymmetry breaking the supersymmetry
breaking scale is related to the Planck scale via the dimensional transmutation [2]. In the
light of this fact, many people have constructed the models of the dynamical supersymmetry
breaking [3] and discussed the phenomenology so far [4,5]. As for the mediation mechanism
of supersymmetry breaking to the visible sector, there are mainly two ways. One is the grav-
ity mediation [4] (including the anomaly mediation [6]), the other is the gauge mediation [5]
(including the anomalous U(1) mediation [7]). Many authors have extensively studied both
scenarios and proposed interesting models.
In our previous letter [8], we proposed a simple mechanism of the dynamical supersym-
metry breaking with gauged U(1)R symmetry. Although the attempts to make use of the
gauged U(1)R symmetry in supergravity theories can be found in Refs. [9], the mechanism
of supersymmetry breaking was not the main topics in these works. Supersymmetry can be
dynamically broken by the interplay between the Fayet-Iliopoulos term of U(1)R and the
dynamically generated superpotential due to the non-perturbative dynamics of the gauge
theory with vanishing cosmological constant. However, we did not discuss in detail the
anomaly cancellation for U(1)R taking into account the full particle contents, since we fo-
cused on the dynamics of supersymmetry breaking in the hidden sector. The main purpose
of this paper is to pursuit this point. We discuss two models as the visible sector: one is the
minimal supersymmetric standard model (MSSM), the other is the supersymmetric SU(5)
grand unied theory (GUT). In the model of MSSM, we use the Green-Schwarz mechanism
for anomaly cancellation. We nd quite simple solutions of R-charge assignments in both
cases. The spectrum of the supersymmetry breaking mass is also discussed. The scalar
elds receive the soft supersymmetry breaking masses, which is the same order of the grav-
itino mass from the tree-level interactions of supergravity. Moreover, the scalar elds with
non-zero R-charges obtain additional soft supersymmetry breaking masses through U(1)R
D-term, which is also the same order of the gravitino mass. The masses of gauginos in the
MSSM depend on the form of gauge kinetic functions. If the gauge kinetic function includes
the higher dimensional term, the gaugino masses are generated in the same order of the
gravitino mass or less. If the gauge kinetic function is trivial, the gaugino masses are gen-
erated through the anomaly mediation in a few orders smaller than the gravitino mass. We
see that our scenario is phenomenologically viable with the gravitino mass of order 1 TeV
or 10 TeV. The comments on the generation of the Higgs potential from higher dimensional
interactions are given.
This paper is organized as follows. In section 2, we review our mechanism of dynamical
supersymmetry breaking with gauged U(1)R symmetry. Then this mechanism is applied to
MSSM of the visible sector in section 3 and applied to the supersymmetric SU(5) GUT of
the visible sector in section 4. The last section is devoted to the summary and discussion.
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II. DYNAMICAL SUPERSYMMETRY BREAKING WITH GAUGED U(1)R
SYMMETRY
In this section, we review our previous letter, in which we proposed a simple mechanism
of dynamical supersymmetry breaking with gauged U(1)R symmetry in the context of the
minimal supergravity. The model is based on the gauge group SU(2)H  U(1)R with the





The general renormalizable superpotential at the tree-level is
W = S [Q1Q2] ; (1)
where the square brackets denote the contraction of SU(2) indices by the -tensor,  is a
dimensionless coupling constant. We assume that  is real and positive.
It is known that the superpotential is generated dynamically by non-perturbative (in-
stanton) eect of the SU(2) gauge dynamics [10]. The total eective superpotential is found
to be




where the second term is the dynamically generated superpotential and  is the dynamical
scale of the SU(2)H gauge interaction. Note that the supersymmetric vacuum lies at hSi !
1 and hQ1i; hQ2i ! 0, if only the F-term potential is considered.
Next, let us consider the D-term potential. The gauged U(1)R symmetry is impossible
in the globally supersymmetric theory, since the generators of the U(1)R symmetry and
supersymmetry do not commute with each other. On the other hand, in the supergravity
theory the U(1)R symmetry can be gauged as if it were a usual global symmetry [11,9].
However, it should be noticed that the Fayet-Iliopoulos term of the gauged U(1)R symmetry
appears due to the symmetry of supergravity. This fact is easily understood by the standard
formula for supergravity theories [12]. Using the generalized Ka¨hler potential G = K +
ln jW j2, we have D = Pi qi(@G=@zi)zi, where qi is the U(1)R charge of the eld zi. Note that
the contribution from the superpotential leads to the constant term, since the superpotential
is holomorphic and has U(1)R charge 2.
With the above particle contents, the D-term potential is found to be
1In our previous letter [8], we did not discuss the cancellation of the gauge anomaly of [U(1)R]3
and the mixed gravitational anomaly of U(1)R. We simply assumed there that these anomalies are
cancelled out, if all particle contents are considered with an appropriate U(1)R charge assignment.






4SyS −Qy1Q1 −Qy2Q2 + 2MP
2
; (3)
where MP = Mpl=
p
8 is the reduced Planck mass, gR is the U(1)R gauge coupling, and
the minimal Ka¨hler potential, K = SyS + Qy1Q1 + Q
y
2Q2, is assumed.
2 Note that the
supersymmetric vacuum conditions required by the D-term potential and by the eective
superpotential of Eq. (2) are incompatible. Therefore, supersymmetry is broken. This con-
sequence remains correct, if there is no other superelds which have negative U(1)R charges,
or if the other negatively charged superelds (if they exist) have no vacuum expectation
value.
Let us analyze the total potential in our model. Here, note that the cosmological con-
stant should vanish. This requirement comes not only from the observations of the present
universe but also from the consistency of our discussion. Since it is not clear whether the
superpotential discussed above can be dynamically generated even in the curved space, the
space-time should be flat for our discussion to be correct. Note that we cannot take the
usual strategy, namely, adding a constant term to the superpotential, since such a term is
forbidden by the U(1)R gauge symmetry. Therefore, it is a non-trivial problem whether we
can obtain the vanishing cosmological constant in our model.
Assuming that the potential minimum lies on the D-flat direction of the SU(2)H gauge
interaction, we take the vacuum expectation values such that hSi = s and hQi i = vi ,
where i and  denote the flavor and SU(2)H indices, respectively. We can always make s
and v real and positive by symmetry transformations. The total potential is given by
V (v; s) = eK
2














4s2 − 2v2 + 2
2
;
where K and W are the Ka¨hler potential and superpotential, respectively, which are given
by
K = s2 + 2v2 ; (5)




Here, all dimensionful parameters are taken to be dimensionless with the normalization
MP = 1. The rst line in Eq. (4) comes from the F-term (except for W
2 term) and the
remainder is the D-term potential.
Since the potential is very complicated, it is convenient to make some assumptions for
the values of parameters. First, assume that gR  ; . Since the D-term potential is
proportional to g2R and positive denite, the potential minimum is expected for VD to be
small as possible. If we assume s  1 and v  1, the potential can be rewritten as
2This assumption is justied by our result with   MP which means that the SU(2)H gauge







It is found that   p35 is required in order to obtain the vanishing cosmological constant.
Let us consider the stationary conditions of the potential. Using the assumptions s  1
and v = 1 + y (jyj  1), the stationary conditions can be expanded with respect to s and y.
Considering the relations gR    5, we can expand the condition @V=@y = 0 and obtain




Using this result, we can also expand the expansion of the condition @V=@s = 0 and obtain
s  
5
82 − 10 : (9)
By the numerical analysis, the above rough estimation is found to be a good approximation.
The result of numerical calculations is the following.
y  4:7 10−3 ; (10)
s  6:8 10−2 : (11)
Here, we used the values of  = 10−3,   1:8 5 and gR = 10−11. For these values of the
parameters, we can obtain the vanishing cosmological constant. Note that the numerical
values of Eqs. (10) and (11) are almost independent of the actual value of , if the condition
gR  5 is satised and the ratio =5 is xed. This can be seen in the approximate formulae
of Eqs.(8) and (9). We can choose the value of  in order to obtain a phenomenologically
acceptable mass spectrum.
As a result of the above analysis, we can estimate the gravitino mass as




This non-zero gravitino mass means that supersymmetry is really broken in the framework
of the supergravity. The gravitino mass contributes to the masses of scalar partners via
the tree-level interactions of supergravity. Note that there is another contribution, if scalar
partners have non-zero U(1)R charges. In this case, they also acquire the mass from the










where q is the U(1)R charge. This mass squared is always positive for the scalar elds with
positive U(1)R charges. The mass is the same order of the magnitude of the gravitino mass.
This is because gR is canceled out in the above estimation (see Eq. (8)). Note that m3=2
and m2D−term is controled by the strong coupling scale of SU(2)H gauge theory .
We give some comments. Our model has the same structure of the supersymmetry
breaking model with the anomalous U(1) gauge symmetry [7]. In the model, the Fayet-
Iliopoulos term is originated from the anomaly of the U(1) gauge symmetry [13]. On the
5
other hand, in our model the origin of the term is the symmetry of supergravity with
the gauged U(1)R symmetry. The Fayet-Iliopoulos term appears even if the U(1)R gauge
interaction is anomaly free.
The mediation of supersymmetry breaking to the visible sector is discussed in succeeding
sections. We address the highly non-trivial problem whether the anomaly cancellation of
U(1)R can be done when we include the visible sector superelds with positive semi-denite
U(1)R charges [9]. We discuss two explicit models. One is the model that the U(1)R
anomalies are canceled out by the Green-Schwarz mechanism. We refer this model to the
anomalous U(1)R model. The other is the model that the U(1)R symmetry is anomaly free.
We refer this model to the anomaly free U(1)R model.
III. ANOMALOUS U(1)R MODEL
Before discussing the model in detail, it is instructive to review the Green-Schwarz mech-
anism in four dimensions [14]. Suppose that we have a gauge symmetry U(1)X with mixed
gauge anomalies of U(1)XG
2
i , where Gi denote other gauge groups. The Lagrangian is not
invariant under the U(1)X gauge transformation A ! A + @(x):
Lgauge = (x) Ci
82
tr(Fi ~Fi); (14)
where Ci are anomaly coecients and Fi( ~Fi) are the eld strength tensors (its dual) of Gi.
On the other hand, there could be another anomaly at the Planck scale through the dilaton












Here, qi are R-charges of the fermionic components of the superelds. ki are the Kac-Moody
levels of Gi. Note that the Kac-Moody levels are integers for non-Abelian gauge groups but
are not necesarry integers for Abelian groups. Therefore, we can assume the value of the
Kac-Moody levels for Abelian groups appropiately. All the Kac-Moody levels must have the




where hSi is the vacuum expextation value of the dilaton supereld. From Eqs. (14) and





This relation should be satised for any i. It follows from this relation that all of Ci has the
same sign, since all of ki has the same sign.
Now, we discuss the model in detail. We consider the MSSM with all the Yukawa












(3q + l) +
1
2













l + e) +
1
2
(h + h); (22)
CY Y = 3(q
2 − 2u2 + d2 − l2 + e2) + h2 − h2 = 0; (23)






3 + 3(6q3 + 3u3 + 3d3 + 2l3 + n3 + e3) + 2(h3 + h3) + 18; (25)
where q1; q2 and s are R-charges of the fermionic components for Q1; Q2 and S in the hidden









), N(1; 1; 0) E(1; 1; 1), H(1; 2; 1
2
), and H(1; 2;−1
2
), respectively.
The representations and charges in the parenthesis are those under SU(3)C  SU(2)L 








3, respectively. Here we simply assume a family independent charge as-
signment. Note that the gravitino contribution for the mixed gravitational anomaly is −21
times that of a gaugino, while the gravitino contribution for the U(1)R gauge anomaly is
three times that of a gaugino [15], and the dilatino contributes (−1) to both Cg and CR.
Note also that the anomaly coecient CY Y has to vanish identically, since it cannot be
cancelled by the Green-Schwarz mechanism.
As mentioned earlier, all the Yukawa coupling are included.
W = yuQ UH + ydQ D H + yeLE H + ynLNH: (26)
The resulting conditions for R-charges are
q + u + h = −1; (27)
q + d + h = −1; (28)
l + e + h = −1; (29)
l + n + h = −1: (30)
Furthermore, we need the Yukawa coupling in the hidden sector
W = S[Q1Q2]; (31)
which leads to the condition
s + q1 + q2 = −1: (32)
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One can immediately see that C3 = C2 = CY = 0 and Eqs. (27), (28) and (29) are
incompatible, since CY + C2 − 2C3 = −6. Therefore we have to use the Green-Schwarz
mechanism to cancel the anomalies.
Taking into account the simple assumption k2 = k3, we have only two solutions. One
solution consists of all integer charges:
Q1 = Q2 = −2; S = 6; (33)
Q = U = D = L = N = E = 0; H = H = 2; (34)
where these are the charges of superelds. The corresponding anomaly coecients are
C3 = C2 = −3; CY = −9; CY Y = 0; (35)
CH = −1; CR = −9; Cg = −57: (36)
Note that all the non-trivial anomaly coecients have negative signs. Therefore, we assume
that all the Kac-Moody levels are positive with negative vacuum expectation value of the
dilaton supereld. We can freely choose the positive values of kR and kg to satisfy the





















is satised, if we introduce 39 gauge singlets of vanishing R-charge with kY = 9; k2 = k3 = 3
and kH = 1. These values of Kac-Moody levels tell us the gauge coupling relations at the
Planck scale, namely,
3 = 2 = 3Y ; H = 33: (38)
This coupling unication can be easily accomplished by introducing extra massive particles
which change the running of the gauge coupling constants and does not aect the anomaly
cancellation conditions. In fact, the gauge coupling unication is realized, if we introduce
extra massive particles so that the SU(3)C gauge coupling almost does not run and the
SU(2)L gauge coupling is asymptotically non-free.
Let us perform the potential analysis. We assume the SU(2)H D-flat condition. The
scalar potential in the present case is the same one in our previous letter except for the
D-term part3
V (v; s) = eK
2














6s2 − 4v2 + 2
2
; (39)
3Although the Fayet-Iliopoulos term due to the anomaly of U(1)R should be included, but its
magnitude is suppressed compared to that of the gauged U(1)R symmetry. Hence, we simply
neglect it.
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where K and W are the Ka¨hler potential and the superpotential, respectively, which are
given by Eqs. (5) and (6). We assume ;   gR; v = 1p2 + y with y  1 and s  1, and
expand the potential with respect to y and s. The approximate formulae of the stationary













92 − 3210 : (41)
These formulae are correct within the order of magnitude, since the convergence of the




s  0:13; (43)
where we used the parameters,  = 10−3,  = 7:35 and g2R = 10
−11. We have checked that
the cosmological constant can be ne-tuned to zero by adjusting  for xed .
Next, we estimate the spectrum of supersymmetry breaking masses. The gravitino mass
is given by




This gravitino mass contributes to the masses of scalar partners via the tree-level interaction
of supergravity. Since R-charges for Q; U; D; L; N; E vanish,
m2i  m23=2 (i = Q; U; D; L; N; E): (45)
On the other hand, since H and H have R-charge 2,
m2H; H  m23=2 + 2g2RhDi;







The contribution from hDi 6= 0 is the same order of the gravitino mass.
The gaugino mass can be generated in two dierent ways. In the case that the gauge





where (g2i ) is the beta function for the standard model gauge groups.
4 In the case that the
gauge kinetic function is non-trivial and includes the term S2[Q1Q2]
3=M8P , for example, the
gaugino masses are






In both cases, there could be further contribution from the vacuum expectation value of
F-component of the dilaton [17]. The experimental bound on gaugino masses in the MSSM
[18] determines the order of the gravitino mass as 10 TeV in both cases.






which respects all symmetries, where  is a dimensionless constant. Plugging the vacuum
expectation value of S, Q1 and Q2 into Eq. (49), we obtain   hSi. By adjusting   1,
the electroweak scale is generated.
IV. ANOMALY FREE U(1)R MODEL
In the last section, we discussed the scenario that supersymmetry breaking eect is
mediated to the MSSM as the visible sector. The Green-Schwarz mechanism is used to
cancel gauge anomalies of U(1)R and the simple solution was found. However the Green-
Schwarz mechanism requires the dilaton eld, and this leads to new dicult problems such
as the dilaton stabilization and so on [17,19]. Therefore, it is desirable to consider the
case that U(1)R is anomaly free. As mentioned earlier, it is impossible to cancel all the
gauge anomaly for U(1)R in the MSSM. In this section, we consider the supersymmetric
SU(5) GUT instead of the MSSM as the visible sector. We have found that all the gauge
anomalies can be cancelled by introducing SU(5) SU(2)H gauge singlets with non-trivial
R-charges.















(h + h) + 5 + 5 = 0; (50)
[U(1)R] : 2(q1 + q2) + s + 3(5 f + 10a + n) + 5(h + h) + 24 + N + 7 = 0; (51)
[U(1)R]
3 : 2(q31 + q
3
2) + s
3 + 3(5 f 3 + 10a3 + n3) + 5(h3 + h3) + 243 + N + 31 = 0; (52)
where f; a; n; ; h and h are the R-charges of the fermionic component for the superelds
F (5), A(10), N(1), (24), H(5) and H(5), respectively. The representations in the parethe-
sis are those of SU(5). The superpotential of Eq. (31), and Yukawa couplings
W  AAH + A F H + N FH (53)
give the conditions of Eq. (32) and
2a + h = −1; (54)
f + a + h = −1 (55)
n + f + h = −1: (56)
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We have a simple solution, in the case of N = 36 as
F = A = N = 0; H = H = 2;  = 1;
Q1 = 0; Q2 = −2; S = 4; (57)
where these are the charges of superelds. Note that Q1 and Q2 have dierent charges now.
This modication makes possible to have the special charge assignment with all positive
charges except for the elds which couple to SU(2)H gauge bosons.
The potential analysis is the same in Ref. [8] as long as we assume that the potential is
along the SU(2)H D-flat direction. The gravitino mass is estimated as




The gravitino mass contributes to the masses of scalar partners via the tree-level interactions
of supergravity. Note that there is another contribution, if scalar partners have non-zero
U(1)R charges. In this case, they also acquire the mass from the vacuum expectation value









where q is the U(1)R charge. This mass squared is always positive for the scalar partners
with positive U(1)R charges. The mass is the same order of the magnitude of the gravitino
mass.
The gaugino mass can be generated in two dierent ways. In the case that the gauge





On the other hand, in the case that the gauge kinetic function is non-trivial and includes
the higher dimensional term S([Q1Q2])
2=M5P
5, for example, the gaugino masses are
mi  m3=2: (61)
Considering the experimental bound on gaugino masses in the MSSM [18], the gravitino
mass is taken to be of the order of 10 TeV or 1 TeV in the former case or the latter case,
respectively. This phenomenological constraint requires the dynamical scale of the SU(2)H
gauge interaction to be of the order of 1015 GeV for both cases. This also means that 
is extremely small,   10−15. Note that the requirement of this ne-tuned value of  is
the result from the ne-tuning for vanishing cosmological constant. Furthermore, this small
Yukawa coupling is consistent with the above discussion in the following sense. Since S has
5The higher dimensional term S([Q1Q2])2=M5P in the gauge kinetic function can be forbidden to
all orders by the discrete symmetry.
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the vacuum expectation value, the mass for Qi is generated through the Yukawa coupling in
Eq.(2). The relation hSi   is needed not to change our result from the SU(2)H gauge
dynamics.
Here, we comment on the Higgs potential. We would like to discuss whether it is possible
to construct the higher dimensional operators that realize the gauge symmetry breaking as
SU(5) ! SU(3)CSU(2)LU(1)Y ! SU(3)CU(1)em and also realize the doublet-triplet

















where i(i = 1  4) are constants. By choosing i appropriately, the rst two terms can
realize the doublet-triplet splitting, while the last two terms can realize the gauge symmetry
breaking.
Unfortunately, there exists unwanted operators, for examples,
1
M3P











5 S3 ! S3:
Although the rst term seems to be harmless, the other terms are dangerous since super-
symmetry is restored if these operators are present. However, this problem is not specic to
our model, but inevitable and generic in supergravity models.
V. SUMMARY AND DISCUSSION
In this paper, we have shown that it is possible to construct simple and phenomenolog-
ically viable models of dynamical supersymmetry breaking with gauged U(1)R symmetry.
Supersymmetry breaking occurs by the interplay between the dynamically generated super-
potential and the Fayet-Iliopoulos term which appears due to the symmetry of supergravity.
The cosmological constant can be ne-tuned to vanish at the minimum of the potential.
What is the most non-trivial in this class of models is the anomaly cancellations for U(1)R.
We have presented two explicit models with anomaly cancellations as the visible sector.
One is the MSSM with all the Yukawa couplings and without the -term. Anomalies
are cancelled by the Green-Schwarz mechanism. We have found a quite simple solution
of R-charge assignments for matter superelds in our model compared to the models in
6More precisely, there are other terms of contracting the gauge indices in dierent ways, but we
simply write the representative.
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Ref. [9]. Our solution consists of all integer charges. We have discussed the gauge coupling
unication which follows from the Green-Schwarz relations. The gauge coupling unication is
easily accomplished by introducing extra massive particles. The spectrum of supersymmetry
breaking masses has been estimated and turned out to be phenomenologically viable as
follows. The gravitino mass is of order 10 TeV. The scalar masses are the same order of the
gravitino mass. The gaugino masses are a few orders smaller than the gravitino mass. We
have also shown that it is possible to have the -term. Unfortunately, we have to introduce
the dilaton supereld to cancel anomalies in this model. This leads to new dicult problems
such as the dilaton stabilization and so on [17,19].
The other is the supersymmetric SU(5) GUT. In this model, U(1)R anomalies are can-
celled by introducing the SU(5) gauge singlet superelds. We have also found a quite simple
solution of R-charge assignment. Unlike the anomalous U(1)R model in this paper and the
anomalous U(1) model in Ref. [7], the dilaton is not necessary since the gauged U(1)R is
anomaly free. Therefore, there is no dilaton stabilization problem. We have estimated the
mass spectrum of supersymmetry breaking and found that these models are phenomenolog-
ically viable. The gravitino mass is of the order 1 TeV or 10 TeV depending on the form
of the gauge kinetic function. The scalar masses are the same order of the gravitino mass.
The gaugino masses are a few orders smaller than the gravitino mass in the case that the
gauge kinetic function is trivial, while the same order of it in the case that the gauge kinetic
function have higher dimensional terms. We have shown that it is possible to have the Higgs
potential for the doublet-triplet splitting and the GUT gauge symmetry breaking.
It is interesting to apply our mechanism to the phenomenology of the anomaly mediation
scenarios. In this scenarios, if the visible sector consists of the MSSM, the slepton mass
squared becomes negative because the beta function coecients of SU(2)L  U(1)Y are
negative. This problem is easily avoided 7 by using our mechanism since the contribution
to the mass squared from the vacuum expectation value of U(1)R D-term is always positive
for the positively R-charged eld. Unfortunately, this situation is not realized in our models
since R-charges of the matter elds are zero. However, it would be possible to construct the
models in which lepton superelds have positive charges.
Finally, note that our model is eectively reduced to the well known Polonyi model which
is the simplest supersymmetry breaking model at the tree-level. One can understand this
fact by freezing the Qi with its vacuum expectation values in the superpotential of Eq. (2).
Here, we would like to emphasize that the Polonyi model is derived as the eective theory of
our model. The Polonyi model does not specify the dynamics of supersymmetry breaking.
Also, unlike the Polonyi model, there is no dimensionful parameters other than the Planck
scale in our model. They are induced dynamically from the Planck scale.
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